Background. Evolutionary forces such as founder effect resulted in reproductive isolation and reduced genetic diversity may have led to ethnic variation in the facial appearance and other features like fingerprints pattern. Aim. To determine the pattern of facial proportion based on neoclassical facial canon. The associations between facial proportions and thumbprint patterns were also investigated. Subject and Methods. A total of 534 subjects of 18-25 years of age participated. Direct sensing and photographs methods were used to determine fingerprint and facial features, respectively. Fisher's Exact test was used to test for association between variables. Results. It was observed that in both males and females there was no (0%) occurrence of classical canon of facial proportion. There was also no association between sex and facial proportions. A significant association was found in between thumbprint patterns and vertical class III neoclassical facial proportion only when the frequency of both left and right thumbprint patterns was considered a single entity. There is no significant association between the thumbprint patterns of the right and left thumbs with vertical horizontal facial proportions in male and female participants. It was observed that right and left thumbs have more tendency of significance with facial proportion in males and females, respectively. Conclusion. Fingerprint pattern and its associated features may be controlled by a different mechanism such that the two may correlate differently with other features as the case may be with facial features.
Introduction
The human sculptures produced in ancient Greece were derived from proportions that followed established rules or "canons" [1] . These rules were incorporated to be the "neoclassical canons" for the human face by Renaissance artists. These canons were based on the assumption that certain fixed ratios existed between different parameters of a harmonious face. Subsequently, these canons were adopted by medical artists, anatomists, and aesthetic surgeons and continue to be used to date [2, 3] . Farkas was the first investigator to test the applicability of neoclassical facial canons by studying samples of 6, 12, and 18-year-old North American Caucasians [2] . Journal of Anthropology useful marker within the domain of biological anthropology [9, 10] . The first step in fingerprint analysis was the identification of its pattern. Several authors reported variation in frequency/percentage of the fingerprint patterns in order to establish sex-specific and interethnic variations.
But prediction a biometric feature from another was a challenging research topic. However, prediction of face characteristics from only fingerprints was considered as an interesting and attractive idea for applications [11] . It was found that there was extensive literature on fingerprint identification and face recognition [12, 13] . Some of the scientists focused on analyzing the similarities in fingerprint minutiae patterns and facial variables in identical twins [14] . Consequently, this similarity supports the idea that there might be some relationships among fingerprints and faces. Nevertheless several studies have evaluated facial anthropometric of features different racial groups with emphases on neoclassical facial canon and its variant. But such attempt is scanty or absent among Hausa ethnic groups. Determination of the relationship between various anthropological variables was reported to be one of the important practices in the field of human biology. However, the association between thumbprint patterns and facial proportions receives less attention among Hausa ethnic group. Even among other population, the anthropological approach to establishing the relationship is often neglected. The objectives of the study were to determine the frequency of facial proportions based on neoclassical canon and also to determine the association between the facial proportions and thumbprints patterns in male and female Hausas.
Materials and Methods

Study Area.
The language over time has been used as one of the markers of ethnic differentiation. From a historical point of view, the Hausa people have been referred to as Hausawa, Haoussa, Ausa, Habe, and Mgbakpa. In the whole of the sub-West African region, they constitute one of the single largest ethnic groups. They are located on a large scale in the Sahelian areas of northern Nigeria and the southeastern Niger and spread across other African countries [15] . The study was conducted in one original Hausa state, Kano state of Nigeria ( Figure 1) . Kano is the most populous state in Nigeria, with about 9,383,682 million people at the 2006 Nigerian census [16] .
Subjects.
A total of 534 subjects comprising 398 males and 136 females participated in the study; however, for sex differences analyses in facial proportion, 147 males and 136 females were involved. Any subject who is Hausas up to the level of grandfather, apparently healthy, whose thumbs and face were free from any inflammation, deformity, or pathological changes and within the age range of 18-25 years, was included in the study and males subjects with excessive facial hair which obscures some of the facial landmarks. Any subject who declined his/her informed consent and outside the inclusion criteria was also excluded from the study. Before the commencement of the research, ethical approval was obtained from the Ethical Committee of Kano State Hospital Management Board. Informed consent was obtained from the participants and person whose photograph appears in the study.
Methodology.
A direct sensing fingerprints capturing method using live scan was used. The participants were asked to clean their thumb to remove any dirt that may be associated with the skin ridges. The thumb was then placed on the fingerprint sensor (digital persona) (Figure 2 ). After capturing a thumbprint, the type of finger (thumb), sex (male or female), side of the finger (left or right), and unique code of the (questionnaire code) of the participants were saved with each thumbprint. The fingerprints were classified into any of the three basic patterns, namely, arches, whorls, and loops ( Figure 2) .
To obtain the photographs individuals were asked to sit and looked directly at the camera in front of them [17] , keeping an upright and normal posture, with both arms free along the body. This position corresponds to Broca's Natural Head Position [18] . Behind the subject was placed a white screen to standardize the background. The camera was placed on a tripod stand (WT3570, China) to standardize the distance (100 cm) between it and the subject, as well as adjusting the camera according to sitting height of the subject. The captured images were uploaded to a personal computer and stored in jpeg format for processing and analyses. The linear distances, after correct placement of facial landmarks ( Figure 3 , Table 1 ), were measured using customized software developed using Microsoft visual basic (version 6) programming language. The linear distances were used to obtain proportion and classify the proportions into seven neoclassical facial canon and its variants (Table 3) as proposed by Farkas et al. [2, 4] . A factor of 0.45 obtained by dividing actual size measurements with actual pixel measurements was used to maintain the real size measurement from the photographs.
Standard anatomical landmarks [19] [20] [21] were recognized for measurement of linear distances (Table 2 ). These linear distances were used to determine the facial proportion.
Assessment of Measurement Error and Data Analyses.
Precision of measurements was determined using
where ∑ 2 is summation of deviations (the difference between the 1st and 2nd measurements) raised to the second power; is number of volunteers measured; and is the number of deviations
The absolute TEM was expressed as percentages as follows:
where VAV is variable average value; this is the arithmetic mean of the mean between both measurements obtained (1st and 2nd measurements) of each volunteer for the same variable. This procedure was performed for each one of the participants and the averages obtained were summed up and divided by (total of a number of participants) [22] .
Strength of measurements was determined using intraclass correlation (ICC). The values for the reliability coefficient ranged from 0 to 1, where ICC < 0 indicated no reliability, ≥0 but <0.2 slight reliability, 0.2 to <0.4 fair reliability, 0.4 to <0.6 moderate reliability, 0.6 to <0.8 substantial reliability, and 1 almost perfect reliability [23] .
The interval between two measurements was at least one week and 30 randomly selected records were used for this evaluation.
The data were expressed frequency/percentages. Fisher's Exact (FE) test was used to test for association between variables. SPSS version 20 statistical software was used for the statistical analysis and ≤ 0.05 was set as level of significance. F o r e h e a d h e i g h t I I t r -n 4 N o s e l e n g t h n -s n 5
Lower face height sn-gn 6
Height of calva v-tr 7 F o r e h e a d h e i g h t I t r -g 8 Special upper face height I g-sn 9
Interocular distance en-en 10 Nasal width al-al 11
Upper facial width zy-zy 12
Mouth width ch-ch 13 Orbital length ex-en Table 4 shows the assessment of error in the variables used in the study. Special head height showed least method error (1.39%) and higher single measure intraclass correlation (ICC) of 0.98. The other variables were also within the acceptable level of method error and intraclass correlation. It was observed that in both sexes there is no occurrence of classical canon of facial proportion. There is also no significant association between sex and facial proportions. However, the female has higher percentages of the variants of the canon compared to the male in all classes of neoclassical facial proportions (Figure 4) . A significant association was found in between thumbprint patterns and vertical class III neoclassical facial proportion only when the frequency of both left and right thumbprint patterns was considered a single entity (Table 5 ). There is no significant association between the thumbprint patterns of the right and left thumbs with vertical horizontal neoclassical facial proportions in male participants (Table 6 ). Similarly, in female no significant association was found between the horizontal facial proportions and thumbprints patterns in both left and right thumb (Table 7) . It was observed that right and left thumbs have more tendency of significance with facial proportion in males and females, respectively.
Results
Discussion
Evolutionary forces such as genetic drift resulted in reproductive isolation and reduced genetic diversity which may have led to the ethnic variations in the biological traits like facial features and thumbprint patterns. Face and the fingerprint are among the biological features that determine the uniqueness of an individual. In addition, determination of face characteristics from fingerprints is an interesting and attractive idea for applications. This may be considered less technical and inexpensive when the anthropometric approach is adopted especially in the field of clinical and legal practice and human identity. The aim of the study was to determine the pattern on facial proportions base on facial neoclassical canon and also to determine the association between the facial proportions and thumbprints patterns in male and female of Hausa ethnic group. Among the Hausas, both male and female had no occurrence of classical canon of facial proportions. In other studies, facial canon is present although with low frequency. For example, in Southern Chinese faces Jayaratne et al. [7] reported the frequency of 19% of orbitonasal canon and 8.7% in no-oral canon. This may provide the basis of distinction between different ethnic groups. Study on different ethnic group established that the frequency of valid canons was greatly surpassed by their variant. This may promote the idea that other than the canon the variant can be used to compare 6 Journal of Anthropology Journal of Anthropology Table 6 : Association between thumbprints pattern and facial proportions (horizontal) in male ( = 398).
Classes Canon and variations
Right thumbprint (%) different population and sexes within the same population. Among Hausas, there is no significant association between sex and facial proportions. However, the female has higher percentages of the variant of the canon compared to the male in all classes. In Hong Kong Chinese population the variant in the orbital canon with a wider intercanthal distance was found to be 100%, remarkably higher than 51.5% observed in North American Caucasians [2] . The frequency of this variant in the Singapore Chinese [3] was similar to the Southern Chinese [7] . A relatively narrow mouth with a wide-nose variant of the nasooral canon was common among all the East Asian ethnic groups and the African Americans [4] . By extension, the variant of the canon may also provide some insight into the population differences.
In contrary to present findings, significant sex differences in relation to the frequency of the orbitonasal canon variant were found among Southern Chinese population [7] . In addition, the comparison between the male and female African American shows the significant different level of occurrence of canon between sexes. In African American male only canons I and VI have been established with the prevalence of 2.8% and 11.9%, respectively. However, other cannons (II to IX) indicate the dominance of one variant with more than 95%. But in canon VII, the two variants share the proportions somehow equally [24] . This indicates case sex-specific differences in the occurrence of the cannon. Moreover, based on the literature it can be suggested that ethnic variations exist with respect to different classes of canon. Therefore, the existence of harmonious face is still valid in the world but with sex bias in some population.
From a biological point of view, it is well established that the phenotype of the biological organism was found to be uniquely determined by the interaction of a specific genotype and a specific environment [14] . Physical appearances of faces and fingerprints are also part of an individual's phenotype. In dermatoglyphics studies, like that of the face, the maximum genetic difference between fingerprints has been reported among individuals of a different population. Unrelated persons of the same population have very little genetic similarity in their fingerprints. Parent and child have some genetic similarity as they share half of the genes, siblings have more similarity, and the maximum genetic similarity was documented in the identical twins, which have the closest genetic relationship [25] .
In line with the unique characteristic of face and fingerprints of individuals, the present study found a significant association between the thumbprint patterns with facial proportions in male only when the two fingerprints are considered as a single entity. To explain the relationship in different perspective, the previous study analyzing the similarities in fingerprint features in identical twin fingers shows that the fingerprints of identical twins highly correlated as observed in their facial features. In addition to this, other profiles of fingerprints such as ridge count, ridge width, ridge separation, and ridge depth were also found to be significantly correlated in identical twins [14] . The more related the individuals the most similar in appearance they, and vice visa. For example, parent and child have some genetic similarity as they share half of the genes, siblings have more similarity, and the maximum genetic similarity is observed in the identical twins, which bear the closest genetic relationship [26] . Several studies examined the correlation among faces and fingerprints of the identical twins [7, 14, 27, 28] . It was declared that identical twins would cause vulnerability problems in biometrics-based security applications, due to the large correlation among their biometrics. One of the instances was that about 95% similarity measure of identical twin fingerprints was reported [29] . The same circumstance can be applied to the face. Some of the reason for this high degree similarity includes possession of identical DNA except for the generally undetectable micromutations that begin as soon as the cell starts dividing. Secondly, development of fingerprints and faces of identical twins originate from the same DNA, leading to considerable genetic similarity [28, 30] . Similarly, the unique identity exhibited by the individual facial expression is also exhibited by fingerprints. Therefore the two traits may share the same intrinsic factor that controls them hence leading to some significance degree of correlation. Genetic studies of both fingerprints pattern and facial morphology suggest a strong influence of genetic factors in the determination of these features. Some genes that were reported to express in low to medium levels in the skin were found to play a key role in the determination of facial feature [31, 32] . Though the direct information of the influence of the genetic markers on specific fingerprint and facial phenotypes may be a key to revealing the possible relationship that exist between the two features [31, 32] . It might be suggested that the correlation between the fingerprint and facial variables was based on a characteristic of the fingerprints features (quantitative variables) which may be controlled differently from the fingerprint patterns (qualitative variables) during embryogenesis. It may also be suggested that the factors such as volar pad [33, 34] and boundary effect among others that determine the pattern of the fingerprints [34] are not the same as factors that determine the other fingerprints features (such as minutiae and ridge thickness) and facial proportions. Thus, the fingerprint pattern and facial features may be controlled by the different mechanism in an individual. Based on the current finding, this study could serve as a preliminary report which needs to be followed up with a broader study that explores more this relationship beyond thumbprints and also includes several other dermatoglyphic variables such as ridge counts, thickness, and minutiae among others.
Conclusion
Absence of facial canon proportions among Hausa ethnic group and its presence in other population may project the existence of ethnic-specific facial proportions across the continents. There some levels of association between fingerprints and facial proportion. The fingerprint pattern and its associated features may be controlled by a different mechanism such that the two may correlate differently with other features such facial features; however, this may have some level of variations across individual and population.
